Introduction
The U.S. Census Bureau estimates that the population aged 65 and over will double by 2050 and will account for over 20% of all U.S. residents [1] . The oldest-old age group, those aged 85 and older, is expected to grow to 18 million and account for 4.5% of the population [1] . As the population ages, an increasing proportion of adults will experience disease and disability and require medical care or supportive services. In 2012, 28% of adults 65-74 and 45% of adults 75 and over had difficulty performing physical activities and women were more likely to have difficulties than men, even after may depend on exposure during critical periods, such as during times of giving birth and taking care of small children [30, 34] . This study aims to explore the effects of work characteristics, overall and at critical periods in women's lives, on later life physical functioning. This study expands on previous studies through our ability to analyze work characteristics during critical time periods. We expect that women in jobs with adverse work characteristics will be more likely to experience functional limitations than women in jobs with beneficial characteristics; we expect these effects to be more pronounced during the time period when women have young children.
Materials and Methods

Study Population
Women between the ages of 50 and 79 were enrolled in the Women's Health Initiative Observational Study (WHI-OS) between 1993 and 1998 (n = 93,676) [35] . The study details have been described elsewhere [35, 36] . The eligibility criteria for WHI-OS included age over 50 years, postmenopausal status, willingness to provide informed consent, and at least a 3-year life expectancy [37] . At baseline, women provided abbreviated work history information, demographic information, information about lifestyle and behavioral exposures such as tobacco and alcohol use that are important risk factors for later life health, information on medical conditions and treatments, and self-assessment of their current physical functioning. All women in the WHI-OS who reported working at least one job outside of the home were eligible to be included in this study (n = 91,627), including women who primarily considered themselves homemakers but still reported a job outside the home. Women were excluded if they had missing values for job details (job title and duration, age when job started) or for physical functioning. Women were also excluded if they reported working only in military jobs, as job exposure information for military occupations was unavailable in our exposure matrix. Ethical approval for this study was provided by Drexel's IRB.
Exposure Assessment
Women provided job title, industry, age at which job began, and total duration of employment for up to three paid jobs held the longest since age 18 . Unstructured text fields of job title and industry were matched using a computer algorithm to 2010 Standard Occupational Classification (SOC) codes, a system used by Federal agencies to classify workers into occupational categories, at the highest level of detail available [38] . Precision of the match (percent agreement) was evaluated using a comparison to a subset of manually coded occupations and was found to be adequate, ranging in agreement from 0.72 (or "moderate") for "broad occupation" groups (the first 4-5 digits in SOC codes) to 0.85 ("very good") for "minor groups" (the first 3 digits in SOC codes) [39] . Standard codes for job titles were linked to characteristics in the Occupational Information Network (O*NET), a database of occupational descriptions widely used to identify characteristics and demands of jobs [40] . These job characteristics served as the primary exposure variables for our analysis and data for 858 detailed job titles (6-digit SOC codes) were available from O*NET version 18.1 for worker characteristics related to worker abilities, worker interests, and work styles; for worker requirements related to knowledge and skills; and for occupational requirements related to work context and activities [40] . At higher levels of SOC codes (e.g., 3-digit), values were averaged across all detailed jobs that fell within that level. O*NET rating values had different scales, depending on the category; values for all characteristics were transformed to a range between 0 and 1. For categories related to worker abilities, worker knowledge and skills, and work activities, variables were available which described both the level, or the "'extent' to which a value applies to an occupation", based on ratings by subject matter experts, and the importance, indicating "the rating of importance for an item", for each job [40] . For these variables, since level and importance are highly correlated, the values were averaged together to obtain one score for each characteristic [41] . Other categories had single values available for analysis.
Outcome Assessment
Self-reported physical functioning at baseline was assessed using the Physical Functioning (PF) scale on the Rand 36-Item Health Survey (SF-36) [42, 43] . The scale is based on responses to 10 questions related to physical activities from vigorous activities such as running to moderate and lighter activities such as climbing stairs and walking, and whether respondents are limited a lot, a little, or not at all. The scale was designed to be applicable to both general populations and those with health conditions and has been shown to have a high internal-consistency reliability across diverse groups (Cronbach's alpha = 0.90) [43, 44] . Responses to questions were scored as 1 to 3, respectively, and were then summed and transformed to a scale of 0 to 100 where a low score represented a lot of limitations in performing all physical activities, including bathing and dressing, and a high score represented no limitations in all types of physical activities [44] . Health-related quality of life varies according to age, gender, and measures, and the physical functioning variable is inherently non-normal, so the presence of physical limitations was determined based on cutoffs at the 25th percentile of the study population [45] .
Factor analysis using promax rotation on all 241 available O*NET variables was conducted to identify categories of co-occurring job characteristics, replicating the methods used by both Hadden and Meyer [41, 46] . Variables with factor loading values greater than 0.8 were retained and used to create a weighted average score of each factor, or job characteristic, for each job. Factor scores were averaged for each woman, across jobs, and weighted by the years at each job overall and during 4 distinct, critical periods of women's adult lives: (1) before having children; (2) with young children (<age 5), (3) with older children (ages 5-18), and (4) after children became adults (>age 18). Work exposure periods for women without children were classified as period 1 for all jobs. A woman's 'exposure' to a job characteristic was based on scores greater than or equal to the median value for each factor. We also evaluated the sensitivity of the results to the 25th and 75th percentile cutoff in factor scores.
Statistical Analysis
Modified Poisson regression was used to examine the association between the binary indicators of job characteristics in relation to physical limitations (PF score <25th percentile) [47] . Examining the association of job characteristics with a PF score <10th percentile and <50th percentile tested the sensitivity of results to the cutoff in physical functioning score. To understand whether job characteristics had a stronger influence on physical functioning during potentially critical periods of time, we derived a binary indicator variable of exposure to each job characteristic for each time period using the overall median value as the cutoff.
A variety of other sensitivity analyses were conducted to evaluate potential bias due to the characteristics of our study population. To evaluate the presence of the healthy worker effect, or the possibility that women who left the work force earlier due to poor health may bias our results, we conducted an additional analysis limiting the population to women who were working at the WHI-OS baseline. Additionally, inherent differences may exist for women who self-identify as homemakers, as these women may have a preference for domestic work and may be more acutely impacted by workplace stressors. We conducted a separate analysis to assess whether the associations observed in the total population differed in this group of women. Finally, women veterans may have unique occupational exposures and a separate analysis was also conducted in this population. Although women who reported only military service were excluded from analysis, most women who served in the military also worked in civilian jobs. These women, half of whom were aged 70 or older at baseline, may have different reactions to the workplace environment, given their extreme minority status while serving in the armed forces, post-military service stigmatization, and historical restrictions on marriage and pregnancy [48] .
Potential confounding variables were assessed for independent associations with both substantial physical limitations and with exposure to job characteristics. Inclusion of confounding variables in the final model was determined based on change in effect estimate of the exposure as well as statistical significance and theoretical considerations. We anticipated that education would have a uniquely important relation to work characteristics; in previous studies it was positively correlated with decision latitude and negatively correlated with physical demand [29, 49] . This may be because education is so strongly tied to job characteristics and the type of jobs held throughout life may be largely dependent on the level of education. Furthermore, additional education is associated with later age at first birth [50] , allowing women time to invest in and potentially initiate a career prior to starting a family. Therefore, education was assessed separately from the other confounders. Variables that could theoretically exist on the pathway between job characteristics and physical functioning were considered potential mediators and were analyzed separately in our models. All analyses were conducted using SAS 9.3.
Results
Study Population
There were 274,859 job titles reported to WHI-OS by 91,627 women. Using the computer algorithm, 15% of the job titles were matched to 747 6-digit SOC codes, 81% were matched to 93 3-digit SOC codes and the remaining jobs were matched to 2-digit SOC codes. Only 61 job titles among 58 women were not matched to any SOC code. Military jobs have no associated O*NET values; 184 women whose majority of work was in military jobs were excluded. However, 1978 women who reported at least 180 days of military service also reported other work and were included in the analysis (2.7%). An additional 8925 women were missing information about the number of children or ages at first and last birth; 2143 women did not provide age at jobs; 1228 women had missing physical functioning scores. The final study population included 79,147 women with jobs representing all 22 major (2-digit) categories available in the SOC system (see Figure 1 ).
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Factor analysis of the job characteristic variables found 22 factors with Eigenvalues greater than 1, indicating that up to 22 unique factors could be extracted; scree plots showed a substantial drop in Eigenvalues after three factors, so three factors were retained as job characteristics. The first factor explained 38.5% of the variance and represented the work characteristic "substantive complexity," where the highest loading variables were complex problem solving, active learning, decision making, deductive reasoning, analyzing information, and critical thinking ( Table 1 ). The second factor explained 16% of the variance and represented the characteristic "physical demand," where the highest loading variables were rate control, response orientation, and reaction time ( Table 1 ). The third factor explained 8% of the variance and represented "social collaboration," where the highest loading variables were self-control, concern for others, and social orientation ( Table 1 ). The overall job scores for substantive complexity ranged between 0.032 and 0.65, with a median value of 0.48; the scores for physical demand were right skewed and ranged between 0.014 and 0.59, with a median value of 0.18; scores for social collaboration ranged between 0 and 0.96, with a median value of 0.75. 
Outcome Analysis
Values for physical functioning (PF) were highly skewed to the left and ranged from 0 to 100 with a median value of 90, a 25th percentile value of 75, and a 10th percentile value of 50; a score below 75 was the main cutoff used to indicate the presence of physical limitations. Among the women in the bottom 25 percent of physical functioning, most had at least some limitations in performing vigorous activities such as running or lifting heavy objects (95%); climbing several flights of stairs (89%); bending, kneeling, or stooping (86%); and walking a mile (81%).
The average age of participants at the WHI-OS baseline was 63; most women (61%) were married at baseline and the majority of study participants (86%) were white. Almost half of the women (43%) were still working at baseline and 26% considered themselves homemakers ( Table 2 ). The most common jobs held overall by women in this sample were office and administrative support jobs (n = 15,678, 20%) and education, training, and library jobs (n = 14,425, 18%). The majority of women in education jobs (88%) were in positions that were substantively complex, whereas the majority of women in administrative support jobs (88%) were not. Women who held jobs with higher levels of substantive complexity (Factor 1 score ≥0.48) were more likely to have a college degree or higher (p < 0.01), more likely to be of normal weight (p < 0.01), and have higher family income (p < 0.01) compared to women who held jobs with low levels of substantive complexity (Table 2) . Women with substantively complex jobs were slightly more likely to have worked before children (p < 0.01) and less likely to work in male-dominated and/or manual labor jobs that also include the most dangerous and accident-prone jobs (e.g., protective services, farming, fishing and forestry, construction and extraction) or in female-dominated jobs considered lower in socioeconomic status (SES) (e.g., food preparation and service) (p < 0.01) ( Table 3) .
Women who held jobs with high physical demands (Factor 2 score ≥ 0.18) were more likely to have less than a high school degree (p < 0.01) and to have lower income (p < 0.01) than women in jobs with lower physical demand ( Table 2 ). These women were also more likely to have held at least three jobs in their adult life (p < 0.01) and were more likely to work in male-dominated, manual labor jobs, but were also more likely to work in female-dominated jobs of lower SES (p < 0.01) ( Table 3) . Women who held jobs with high social collaboration (Factor 3 score ≥ 0.62) were more likely to list only one job (p < 0.01), were slightly more likely to work before having children (p < 0.01), and were more likely to work in high SES, female-dominated jobs (e.g., healthcare practitioners and support) (p < 0.01) than women who held jobs with lower social collaboration (Table 3) . The analysis of interaction between critical periods and job characteristics showed that period-specific effects of job characteristics were important predictors of physical functioning in the crude model, but failed to substantially improve the model fit and were not statistically significant when confounders were added to the model. Thus, the results of work characteristics are reported without reference to critical period. Table 4 shows the results of regression analysis examining the association between job characteristics and physical limitations. After adjusting for confounders of age, birth region, race/ethnicity, and marital status, high substantive complexity and social support at work were inversely associated with physical limitations, compared to lower substantive complexity (RR = 0.81, CI: 0.79-0.84) and social support (RR = 0.94, CI: 0.92 = 0.97) at work. High compared to low physical demand was positively associated with physical limitations (RR = 1.12, CI: 1.10-1.15). However, after controlling for education, these results were attenuated, though in the same direction; substantive complexity was negatively associated with physical limitations (RR = 0.94, CI: 0.91-0.96), high physical demand was positively associated with limitations (RR = 1.09 CI: 1.06-1.12), and social support did not have a statistically significant association with physical limitations (Table 4 , model 3). For physical demand, a small though statistically significant positive association with physical limitations remained even after adjusting for potential mediators (RR = 1.04 CI: 1.01-1.06). 
Sensitivity Analysis
Sensitivity analysis was conducted to understand the impact of the median cutoff in work characteristic scores in defining exposure. Associations remained substantively unchanged using the 25th or 75th percentiles to assess exposure for all three work factors. Additional analysis was also conducted using an alternative cutoff to define the outcome of physical limitations. Using the 50th percentile as the cutoff point (PF < 90), the results were similar to the results for the 25th percentile, but of smaller magnitude; using the 10th percentile (PF < 50), the results were in the same direction, but further from the null. After limiting the analysis to women actively working at baseline, the associations with work characteristics remained essentially unchanged, though moved slightly further from the null; however, in this population, working during the period with young children was significantly positively associated with physical limitations (RR = 1.07, CI: 1.02-1.13) and working in the period after children was no longer statistically significant (Tables 4 and 5 , Sensitivity Analysis). Estimates were similar when the analysis was limited to women who did not self-identify as homemakers. For women who identified as homemakers, the estimates of association between work characteristics and physical functioning were attenuated (Table 4 , Homemakers); estimates of association with potentially critical time periods remained the same except for working during the time period with older children in the house, which became associated with a significant 9% increased probability of physical functioning limitations (Table 5 , Homemakers). Limiting the analysis to veterans, confidence intervals became wide and were no longer statistically significant; point estimates were mostly similar to the main analysis, except for substantively complex jobs and working after children are grown, which had null estimates of association with physical limitations among veterans. While we did not observe a statistically significant interaction between critical period and work characteristics, we did observe overall effects of working during specific time periods on physical functioning. Working in time period 4, after children become adults, was negatively associated with a 13% decreased risk of physical limitations (RR = 0.87, CI: 0.84-0.90), even after controlling for work in other time periods and other confounders, including age and education (Table 5 , Model 3). We also found that working in time period 1, before having children, was negatively associated with an 8% decreased risk of physical limitations (RR = 0.92, CI: 0.89-0.94). These associations remained even after excluding the 14% (n = 11,307) of the study population without children. When the analysis was limited to women working at the WHI-OS baseline, the protective effect of working in period 1 was unchanged (Table 5 , Sensitivity Analysis). The protective effect of working in period 4 was no longer statistically significant, but working during period 2, or the time of raising young children, was positively associated with physical limitations (RR = 1.07, CI: 1.02-1.13, Table 5 ).
Discussion
The results of our regression analysis demonstrated that over the course of their careers, women who held jobs with higher substantive complexity, requiring them to problem solve, make decisions, and think critically, had better physical functioning in later life than women whose jobs were not substantively complex. Although not mutually exclusive, women in jobs with high physical demands, which in the context of this analysis were related to the speed and coordination required to operate or maintain machinery, had a higher probability of physical limitations later in life. Social collaboration, though not significant after controlling for education, was also associated with a protective effect. The effect of substantive complexity and physical demand remained even after controlling for education and for income, suggesting that these effects are not explained by socioeconomic status.
Sensitivity analyses confirmed the ability of our results to hold true under various conditions. The fact that the estimates of association were relatively unchanged based on different cutoffs for categorizing exposure suggests that the results may be driven by women at the higher and lower ends of the range of work characteristics. For the outcome, however, point estimates changed based on the cutoff in physical functioning score, with stronger associations observed for the lower percentile cutoff in score. In other words, for more extreme outcomes or more severe limitations in physical functioning, there is a stronger association with work characteristics. This trend in the strength of associations supports the idea that there is a genuine relationship between work characteristics and physical functioning.
For women who self-identify as homemakers, the attenuation of the association between work characteristics and physical functioning suggests that perhaps for these women, the work atmosphere is a less important source of stress or relief because, despite holding jobs outside the home, they consider "homemaker" to be their primary job. The fact that working in the time period with older children in the house was positively associated with physical limitations only in this population suggests that work itself is a risk factor (regardless of work content) when women view work as secondary to being a homemaker. Among veterans, the most notable finding was the fact that many of the associations seen in the main analysis were not seen among veterans; this may be due to the lack of variability in exposure among this select group of women. Less than 3% of the study population self-identified as veterans, thus any associations were not statistically significant when the analysis was limited to this group.
Finally, limiting the analysis to women actively working at baseline did not lead to a change in associations between work factors and physical functioning. This is important, since the presence of a healthy worker effect could suggest that women who leave the work force due to health issues might be more likely to leave physically demanding jobs or jobs that are less mentally satisfying and thus associations could be attributed to reverse causality. The fact that the associations between substantive complexity and physical demand of work with physical limitations were strengthened when limited to women working at the WHI-OS baseline implies that the association was not being driven by unhealthy women who had left the work force.
The results for substantive complexity and physical demand are generally consistent with prior research. Previous studies have found that poor psychosocial working conditions, including low job control and monotonous work, increased frailty and the risk of poor health functioning and musculoskeletal problems, as well as other adverse health outcomes such as depression and hypertension [6, 21, 25, [51] [52] [53] [54] . Conversely, creative work has been associated with improved mental health and may even improve regulation of biological systems such as the hypothalamic-pituitary-adrenal (HPA) axis [55, 56] . However, the substantive complexity of work has also been associated with health behaviors such as smoking [57] and alcohol intake [58] and may influence other health indicators such as hypertension [46] . The potentially complex pathway linking psychosocial work exposure and physical functioning may explain why the effect of substantively complex work was no longer statistically significant after accounting for potential mediators. Although our results suggest a somewhat more modest association between work characteristics and the risk of physical functioning limitations compared to previous studies with similar outcomes [6, 25] , the lower magnitude may be due to the fact that this was not an occupational cohort, and exposures to work characteristics had to be estimated across a wide variety of jobs and industries. Furthermore, physical functioning was assessed sometimes years after women last worked outside the home, and the effects of work characteristics may diminish over time.
Physical demand or biomechanical strain at work has been associated with a variety of physical health problems [59, 60] . A recent study concluded that occupational biomechanical strain is associated with physical functioning difficulties post-retirement in both men and women [61] . The association with such jobs may be the result of overuse or from accidents or injuries experienced on the job, but data are not available to assess the mechanism of disability.
Social support at work has been found to have a positive effect on health, decreasing the risk of cardiovascular disease and depressive symptoms [9, 62, 63] . Furthermore, social support at work may buffer the effects of stress on emotional exhaustion and work-family conflict [20, 64] . However, social collaboration as measured from these data represent the ability to work with others, maintaining composure, and being sensitive to their needs; this may not be equivalent to social support as measured in previous studies that is related to developing a rapport with coworkers during and outside of work [9, 62, 63] .
Although the association between job characteristics and physical limitations was not modified by critical time period, we observed an overall beneficial effect of work during the time periods before and after children. Regardless of work characteristics, there appears to be a beneficial effect for women from early paid work before having children. Early work, which is observed in women who choose to delay childbearing and tend to have fewer children, has been associated with stronger attachment to the labor force and delayed retirement [65] [66] [67] . In our analysis, the relationship between early work and improved physical functioning persists even after controlling for education, income, and work characteristics, but not after controlling for later life mediators such as body mass index, smoking and alcohol use, suggesting that early work may influence life-long behaviors.
Both education and income were shown to be strong confounders of the effect of job characteristics on later life physical functioning and income may in fact be a partial mediator on the pathway from work characteristics to disability. This is not unexpected since we know that socioeconomic status (SES) is an important predictor of physical functioning [33, 68, 69] and occupation is intrinsically linked to education and income [70] . These components of SES are related to health through access to information and resources that promote health, including insurance, nutrition, housing, and recreation, as well as exposure to physical and psychosocial stressors [70] . There may also be other indicators that are important predictors of health but were unavailable in our data such as early-life SES (e.g., parental education) or neighborhood SES variables. Our inability to control for early-life indicators of SES may have important implications for our results. In particular, parental education has been shown to have an additive effect of women's own education on physical functioning [68] . Given the strong positive association between beneficial job characteristics and additional education, this suggests that the observed associations may have been further attenuated if we were able to control for parental education. However, in prior research, occupation has been found to represent a distinct facet of SES [71] and job characteristics such as job strain and job control were associated with health outcomes independently of SES [72, 73] .
While use of exposure information from a job exposure matrix reduces differential misclassification or information bias related to self-report of job exposure [74] , O*NET assumes a homogeneous distribution of job characteristics within job titles. Use of such a matrix contributes to measurement error because it fails to capture nuances in jobs that may be important when trying to describe the psychosocial work atmosphere and the internalization of such atmosphere by individuals. This may be particularly important for studies which attempt to use O*NET to identify work exposures in women. O*NET values were originally based on expert reviews but have been updated with surveys of random samples of employers and workers in selected jobs [40] . For jobs that are dominated by males, the levels of job characteristics may not be representative of those experienced by women in those fields. Women and men in the same job may not perform the same tasks and women are more likely to experience gender harassment or discrimination [75, 76] . If job characteristics are based on interviews mainly among men, then the exposures among women may not be fully represented and there may be a higher degree of misclassification of exposures for women in male-dominated fields than in female-dominated fields. Furthermore, we were limited by the ability of the algorithm used to match job title with the appropriate SOC code; while the matching has been deemed sufficient at the 3-digit SOC level, there may be substantial misclassification at the 6-digit SOC level. In both instances, such measurement error was non-differential because misclassification occurred independently of the assessment of physical functioning and we expect that our results were biased towards the null and the true effects of job characteristics would be stronger than our results indicate. Even with these limitations in the data, factor analysis identified three components of work characteristics that could be estimated from O*NET data: substantive complexity, physical demands, and social collaboration. Substantive complexity is a concept of occupational conditions first identified by Kohn and more recently by Hadden et al. and Meyer et al., using O*NET data [41, 77, 78] . Although the variables which comprise substantive complexity here were slightly different due to our use of an updated O*NET database, the factors we identified are conceptually consistent with those previously identified [41, 78] , providing evidence of the construct validity of our exposure measures.
An additional limitation is the fact that women only listed their three longest-held jobs instead of their full work history; there may be some bias in the jobs women chose to report. However, limiting the questionnaire to only three jobs simplified the task for participants and studies have shown that simple job information can be recalled with useful accuracy [79] . Finally, much of the information gathered in WHI, including the outcome physical functioning, was collected at baseline. Although women were asked to report jobs that they held prior to baseline and therefore prior to the assessment of physical functioning, the onset of physical limitations, disabilities, or other comorbidities and risk factors collected at the WHI-OS baseline cannot be assessed and may have occurred prior to starting work. In 2010, 30% of non-institutionalized adults 65 to 74 years old and 45% of adults age 75 or older had difficulties in physical functioning. The most common difficulties were standing for 2 h, walking a quarter of a mile, and stooping, bending, or kneeling [80] . Though prevalence of difficulties is not directly comparable with our outcomes, the types of difficulties reported are consistent with our results in which women with substantial limitations had self-reported limitations in vigorous activity, climbing several flights of stairs, bending, and walking 1 mile. We included hard exercise at age 18 to control in part for self-report of early life functioning.
Conclusions
Our study is one of the first to explore the effects of psychosocial work exposure throughout the life course on later life physical functioning in a large population of US women across different sectors of the work force, and to explore the effects of work during critical time periods in adulthood. Although further studies are needed that longitudinally follow women throughout their careers and collect concurrent health and risk factor information, there is consistent information in the literature that is supported by our results to show the modest beneficial effects of substantively complex work. Given the large study population and breadth of occupations, we believe our findings are generalizable to US women as a whole, and employers should enable workers more opportunities to express ideas, solve problems, and learn new skills; such opportunities may improve the psychosocial work atmosphere. Additionally, physically demanding jobs may be especially detrimental to women in male-dominated, manual occupations when machines and protective equipment are not ergonomically designed for women [81, 82] ; employers should make efforts to ensure that equipment is appropriate for all workers. Improvement in working conditions across all sectors is imperative at a time when the workforce is aging rapidly. Efforts to improve the health of workers can not only help keep Americans working longer, but can also help to reduce the healthcare costs and burden of physical disability in the aging population.
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